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ABSTRACT : 

PROBLEM TO BE SOLVED: To effectively carry out heat exchange between an ERG 
gas and a liquid cooling medium by enhancing soot deposition preventing effect 
on an EGR gas passage and enabling easy removal of soot deposited on the EGR 
gas passage so as to minimize decrease in heat transfer efficiency of a heat 
transfer pipe due to soot . 

SOLUTION: A liquid cooling medium introduction passage 10 and a liquid 
cooling medium discharge passage 11 are connected to a trunk tube 3 having an 
EGR r inflow port 6 on one end and an exhaust port 7 on the other end, and 
further having an EGR passage 2 formed inside thereof to form a heat exchanger 
5. A liquid cooling medium supply amount to the heat exchanger 5 is regulated 
by a control section 16 to raise an internal surface temperature of the passage 
2, and thus deposition of the soot on the passage 2 can be prevented and soot 
deposited on the passage 2 can be peeled off and discharged. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] 

This invention performs heat exchange of EGR gas and refrigerant liquid, and relates to the removal 
approach of the soot in the EGR gas cooler style for cooling EGR gas, and its equipment. 
[0002] 

[Description of the Prior Art] 

Conventionally, with the engine of an automobile, a part of exhaust gas was taken out from the exhaust 
gas system, it returned to the engine inhalation-of-air system again, and the EGR system added to 
gaseous mixture or inhalation air was used for the gasoline engine and the diesel power plant. In the 
EGR system, especially the KURUDO EGR system of a high EGR rate of a diesel power plant, while 
reducing NOx in exhaust gas and preventing aggravation of fuel consumption, in order to prevent the 
depression of an EGR valve and the fall of endurance by the superfluous temperature rise, the EGR gas 
cooling system which cools the elevated-temperature-ized EGR gas with cooling water, the refrigerant 
for car air-conditioners of the cooling style, and other refrigerant liquid is formed. 
[0003] 

This EGR gas cooling system arranges two or more narrow diameter heat exhanger tubes and heat 
transfer plates with which EGR gas can circulate the interior in the heat exchange section, by making 
said proper refrigerant liquid flow along with the periphery of this heat exchange section, performs heat 
exchange of EGR gas and the coolant through a heat exhanger tube or a heat transfer plate, and cools 
EGR gas. 
[0004] 

As a heat exhanger tube used with the above-mentioned equipment, invention given in JP,1 1-108578,A, 
invention given in JP,2001-227413,A, etc. are known. Since these well-known heat exhanger tubes have 
conventionally smooth inner skin, the EGR gas which circulates the interior hardly receives flow 
resistance, but the soot contained in EGR gas tends to deposit it on the internal surface of a heat 
exhanger tube. Moreover, when equipment has got cold in the case with few amounts of EGR gas where 
there are few heat exchanger duties, winter, etc., the skin temperature of heat transfer may become low 
too much. 
[0005] 

Since the steam in EGR gas, unburnt glow gas and sulfuric-acid water, a hydrocarbon, etc. condense and 
liquid-ize and deposit in the internal surface of a heat exhanger tube by this low temperature-ization, 
said soot dissolves in these liquids and **** with which the bulk density of a particle is high and the 
quality of adhesion became wet is easy to be formed in the inner skin of a heat exhanger tube. Since the 
soot deposited on the internal surface of a heat exhanger tube or a heat transfer plate by this principle 
produces a heat insulation operation and the heat exchange effectiveness of EGR gas and a refrigerant is 
reduced, it becomes what spoils the engine performance as the heating surface, and is not desirable. 
[0006] 
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Therefore, low energy coatings, such as a fluororesin, are performed to the internal surface of the 
heating surface as an approach of removing soot from the internal surface of the heating surface, tend to 
prevent deposition of soot, it is failed to scratch the soot which the passage system of the heating surface 
is designed or is a brush-like thing so that it may blow [ make the rate of flow of EGR gas quick, and ] 
away soot by the flow force of EGR gas and be possible, and was deposited, or means, such as flushing 
soot using a penetrant remover, are adopted. 
[0007] 

[Problem(s) to be Solved by the Invention] 

However, in the heating surface which performed the above-mentioned low energy coating, there is a 
possibility that thermal conductivity may reduce heat exchange effectiveness small, and may spoil the 
function as a heat exchanger, and there is a problem also in thermal resistance. Moreover, by the 
approach of soot blowing and performing ****** ? although it is necessary to blow and to make drift 
velocity of EGR gas extremely quick, for making ****** possible, since [ being good ] the partial 
pressure force loss also becomes large, in a current KURUDO EGR system, it is not desirable. 
Moreover, by the approach of failing to scratch soot with a brush etc., it is difficult to include brush 
structure in equipment, and there is a problem also in dependability. In order to fail to scratch soot 
manually, it not only requires much trouble, but cooling actuation of a heat exhanger tube or a heat 
transfer plate is stopped, and if it is ****, ** and working efficiency are reduced remarkably. Moreover, 
not only inclusion is difficult like a brush, but by the approach of using a penetrant remover, a penetrant 
remover may be sent into a combustion chamber and a possibility of causing trouble depending on the 
class of penetrant remover to choose is in engine combustion. 
[0008] 

This invention tends to solve the technical problem like ****, and enables easily removal also of the 
soot once deposited on the internal surface of a circulation way while heightening the deposition 
prevention effectiveness of the soot to the circulation way of EGR gas, such as a heat exhanger tube and 
a heat transfer plate, from the inner skin of a circulation way. Consequently, it makes it possible to 
perform efficiently heat exchange of the EGR gas which flows the inside of a circulation way, and the 
refrigerant liquid which flows the periphery of a circulation way by making decline in the thermal 
conductivity of a circulation way with soot into the minimum. 
[0009] 

[Means for Solving the Problem] 

To the bore which formed the circulation way of EGR gas in the interior while the 1 st invention 
established the input of EGR gas in the end and preparing the exhaust port of EGR gas in the other end, 
in order that this invention might solve the technical problem like **** In the EGR gas cooler style 
which connected the introductory way and derivation way of refrigerant liquid for cooling EGR gas, and 
formed the heat exchange section By decreasing the amount of supply of the refrigerant liquid to the 
heat exchange section, or suspending supply, while reducing the temperature of EGR gas by making 
[ many ] the amount of supply of the refrigerant liquid to the heat exchange section It changes 
considering exfoliating from this inside and discharging the soot which elevated-temperature-ized 
internal -surface temperature of the circulation way of EGR gas, and adhered to the internal surface of 
the circulation way of EGR gas from the exhaust port of EGR gas as a description. 
[0010] 

The 2nd invention to moreover, the bore which formed the circulation way of EGR gas in the interior 
while establishing the input of EGR gas in the end which materializes the 1st above-mentioned 
invention and preparing the exhaust port of EGR gas in the other end In the EGR gas cooler style which 
connected the introductory way and derivation way of refrigerant liquid for cooling EGR gas, and 
formed the heat exchange section The amount of supply of the refrigerant liquid to the heat exchange 
section is adjusted, and internal-surface temperature of the circulation way of the EGR gas arranged in 
this heat exchange section is elevated-temperature-ized, and the control section which enables 
exfoliation and discharge of the soot adhering to prevention and the circulation way of adhesion of the 
soot to this circulation way is prepared, and it changes. 
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[0011] 

Moreover, a control section may consist of the circulating pump and closing motion valve which were 
prepared in the introductory way of refrigerant liquid, and may control the amount of supply of the 
refrigerant liquid to the heat exchange section by the change in the flow rate of this circulating pump, 
and/or closing motion of a closing motion valve. 
[0012] 

Moreover, the high-boiling point heat medium fluid of 150 degrees C or more of boiling points may be 

used for refrigerant liquid. 

[0013] 

Moreover, a control section may control the amount of supply of the refrigerant liquid to the heat 

exchange section by the skin temperature of the circulation way of EGR gas, the outlet temperature of 

refrigerant liquid, and/or outlet temperature of EGR gas. 

[0014] 

[Function] 

This invention is constituted like ****, the volume of the soot to the internal surface of the circulation 
way of EGR gas, such as a heat exhanger tube and a heat transfer plate, is greatly influenced by the skin 
temperature of the heating surface like the above-mentioned, and deposition of soot increases, so that the 
skin temperature of a circulation way is low. since [ furthermore, ] the steam in exhaust gas, unburnt 
glow gas, sulfuric-acid water, a hydrocarbon, etc. condense and liquid-ize and deposit in the inner skin 
of a circulation way, when the skin temperature of a circulation way is low — said soot ~ these liquids — 
dissolving — the bulk density of a particle - high - adhesion — the layer of **** damp soot forms in the 
internal surface of a circulation way — having — exfoliation — blowing away — etc. — it will become 
difficult. By the layer of this damp soot, the thermal conductivity of a circulation way worsens and it 
becomes the cause which produces the fault to which the heat exchange effectiveness in the heat 
exchange section falls. 
[0015] 

On the contrary, when the skin temperature of a circulation way is comparatively high, it is hard coming 
to generate a deposit of said liquid, and the layer of dry soot also with small adhesion with the 
comparatively low bulk density of a particle is formed. Moreover, if the internal -surface temperature of 
a circulation way elevated-temperature-izes after that even if damp soot high the bulk density of said 
particle and big also deposits adhesion, it will change to dry soot also with the low bulk density of a 
particle, and small adhesion. And the more the bulk density of a particle was low, and adhesion was 
small, the more it became clear in the experiment in invention of exfoliation of the soot from a 
circulation way, or this time [ be / blow and / ****** / easy ]. 
[0016] 

therefore, exfoliation of soot according [ by making internal-surface temperature of a heat exhanger tube 
or a heat transfer plate into an elevated temperature periodically according to the mileage and operation 
time of an automobile in this invention, while preventing deposition of soot, the bulk density of a 
particle changes the soot deposited on the internal surface to low dry soot also with small adhesiveness, 
and ] to the flow force of EGR gas -- it is going to blow and is going to promote ******. in addition, 
when internal -surface temperature of a circulation way is made high, at the comparatively low 
refrigerant liquid of the boiling points, such as coolant, refrigerant liquid boils partially near the 
periphery of a heat exhanger tube, and there is a possibility of producing breakage, degradation, etc. of 
the components of the heat exchange section, with it. Therefore, it is necessary to make the internal- 
surface temperature of a circulation way elevated-temperature-ize, without using various high-boiling 
point refrigerant liquid as refrigerant liquid, and boiling refrigerant liquid. 
[0017] 

At EGR gas cooler guard of this invention, the EGR gas which burned first in the combustion chamber 
flows in a circulation way through the input of a bore from an exhaust manifold. It is discharged by the 
derivation way, after refrigerant liquid's being continuously supplied to the heat exchange section 
prepared in the exterior of a circulation way by control of a control section through an introductory way 
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on the other hand and flowing along with the peripheral face of a circulation way. And in the heat 
exchange department through which this refrigerant liquid always circulates, heat exchange of 
refrigerant liquid and EGR gas is performed through the inside-and-outside front face of a circulation 
way, and the fully cooled EGR gas is returned to an inlet-manifold side through a tap hole. 
[0018] 

Moreover, internal-surface temperature of a circulation way is elevated-temperature-ized periodically or 
temporarily for removal of anti sticking of the damp soot to the circulation way in the case of the above- 
mentioned EGR gas cooling, and In it, by control of a control section, the amount of supply of the 
refrigerant liquid to the heat exchange section is lessened, or supply is suspended. By limit of the 
amount of supply of this refrigerant liquid, the heat exchange effectiveness in the heat exchange section 
falls, and the temperature of the internal surface of a circulation way rises with the heat of EGR gas. 
[0019] 

Since the already deposited damp soot will be dried and the bulk density of a particle will change to low 
dry soot also with small adhesiveness while the prevention effectiveness of adhesion of the soot to the 
internal surface of a circulation way becomes high if the internal-surface temperature of this circulation 
way reaches the elevated temperature more than fixed, it becomes that it is possible to blow with 
exfoliation easily and to perform ****** according to the flow force of EGR gas, and soot is ground 
small and discharged from an exhaust port with EGR gas. Moreover, even if such soot that got dry small 
is sent to an inlet-manifold side, it is hard to affect an internal combustion engine. 
[0020] 

If this elevated-temperature-ization is performed, control of a control section can increase the amount of 
supply of the refrigerant liquid to the heat exchange section, or supply can be resumed, and heat 
exchange of the EGR gas in the heat exchange section and refrigerant liquid can be continued, but since 
the preventive measures of soot adhesion and removal of soot are performed good like the above- 
mentioned, the thermally conductive fall of a circulation way with soot is prevented, and it becomes 
possible to perform heat exchange efficiently. Therefore, while the functionality of EGR gas cooling 
increases, the effectiveness of failure prevention of equipment will also become high. Moreover, it can 
carry out without stopping cooling actuation in an engine or the heat exchange section, and excels also 
in convenience. 
[0021] 

Moreover, if the control section is controllable, it is good also as which configuration, for example, it 
constitutes supply of refrigerant liquid from the circulating pump and closing motion valve which were 
prepared in the introductory way of refrigerant liquid. The amount of supply of the refrigerant liquid to 
the heat exchange section is controllable by fluctuating the flow rate of this circulating pump, or opening 
and closing a closing motion valve. 
[0022] 

Moreover, it is easily [ in the range of the usual drift velocity of EGR gas ] desirable exfoliation and that 
the skin temperature of a heat exhanger tube becomes 150 degrees C or more temporarily about the soot 
deposited on the circulation way in order to blow away and to be possible. Therefore, if high-boiling 
point refrigerant liquid of 150 degrees C or more of boiling points is used, refrigerant liquid Even if it 
elevated-temperature-izes skin temperature of a heat exhanger tube at 150 degrees C or more, while 
refrigerant liquid cannot boil, not making refrigerant liquid into high pressure and being able to carry out 
the preventive measures of adhesion of soot, and removal of soot to insurance Breakage, degradation, 
etc. of an EGR gas cooler style are prevented, and the high product of endurance and functionality is 
obtained. In addition, a fluorine system inactive solvent etc. can be used as high-boiling point refrigerant 
liquid of the 150 degrees or more of the above-mentioned boiling points. 
[0023] 

Moreover, a control section measures the skin temperature of the circulation way of EGR gas, the outlet 
temperature of refrigerant liquid, and/or the outlet temperature of EGR gas with a thermo sensor etc., 
and is good also as controllable [ in the amount of supply of the refrigerant liquid to the heat exchange 
section ] based on this measurement value. By measuring such at least one temperature, the temperature 
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fall of a circulation way can be sensed certainly, the flow of [ the refrigerant liquid in a control section ] 
can be controlled, and removal of the adhesion preventive measures of soot and soot by elevated- 
temperature-izing of a circulation way can be performed efficiently. Moreover, while it becomes 
possible to make the temperature aiming at a circulation way reach certainly, superfluous elevated- 
temperature-ization can also be prevented and the functionality of the cure against soot and the 
endurance of equipment can be raised. 
[0024] 
[Example] 

If one example which used this invention for the EGR gas cooling system in the KURUDO EGR system 
of an automobile is hereafter explained in .drawing..! , (1) is a heat exhanger tube and it is enabling a 
flow of EGR gas of the inside of the circulation way (2) established in the interior. Moreover, a heat 
exhanger tube (1) is enabling turbulent flow-ization of the EGR gas in a circulation way (2) while it 
increases a touch area with EGR gas and raises the thermal conductivity of a heat exhanger tube (1) by 
preparing irregularity in the internal surface of a circulation way (2), or carrying out the interior of the 
spiral fin member etc. 
[0025] 

Moreover, it becomes the cause which the layer of the soot with which the bulk density of a particle is 
high and the quality of adhesion became wet when the internal-surface temperature of the circulation 
way (2) of the above-mentioned EGR gas when there is little EGR gas inflow in outside air temperature 
being low and the whole equipment getting cold and a heat exchanger duty decreases became low is 
easy to be formed in an internal surface, and the thermal conductivity of a heat exhanger tube (1) is 
reduced by deposition of this damp soot, and worsens heat exchange effectiveness. On the contrary, if 
the internal-surface temperature of a circulation way (2) is high, while prevention of deposition of soot 
will be attained, the already deposited damp soot is dried, it changes to dry soot also with the small bulk 
density of a particle, and low adhesiveness, and it is checked in the experiment in this invention 
exfoliation of the soot from the internal surface of a circulation way (2) and that it blows and ****** 
can be performed easily. 
[0026] 

Then, according to the mileage and operation time of an automobile, internal-surface temperature of the 
circulation way (2) of a heat exhanger tube (1) is elevated-temperature-ized periodically, and deposition 
prevention of soot and removal are enabled. Moreover, the boiling points, such as a fluorine system 
inactive solvent, use high-boiling point refrigerant liquid 150 degrees C or more so that refrigerant 
liquid may not boil by this elevated-temperature-ization. 
[0027] 

And the inside of the airtight space which made possible pair connection of the sealing of a tube seat (4) 
of the interior, and was divided with the EGR gas cooling system near the both ends of a cylinder-like 
bore (3) with this tube seat (4) as shown in .drawing..! is made into the heat exchange section (5) for 
performing heat exchange of EGR gas and refrigerant liquid. And between the tube seats (4) of a pair, 
two or more and a tube seat (4) are penetrated, and connecting arrangement of said heat exhanger tube 
(1) is carried out. Moreover, the bonnet (8) which prepared the input (6) and the exhaust port (7) of EGR 
gas in the both ends of a bore (3) is connected respectively. 
[0028] 

Moreover, the introductory way (10) which supplies refrigerant liquid to the heat exchange section (5), 
and the derivation way (11) which discharges the refrigerant liquid after heat exchange are established in 
a bore (3), and refrigerant liquid is enabling a flow of the inside of the heat exchange section (5). 
Moreover, said heat exchange section (5) carries out junction arrangement of two or more support plates 
(13) inside, meandering-izes flow of the refrigerant liquid which flows the inside of the heat exchange 
section (5), and is speeding up the relative velocity to the outside surface of a heat exhanger tube (1) 
while it supports a heat exhanger tube (1) stably as a baffle plate by inserting a heat exhanger tube (1) in 
this support plate (13). 
[0029] 
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And while supplying refrigerant liquid to the heat exchange section (5) through an introductory way (10) 
Collect the refrigerant liquid discharged by the derivation way (11), and the refrigerant liquid in which 
temperature rose by heat exchange with this EGR gas is cooled. The refrigerant cooling section (12) for 
supplying the heat exchange section (5) through an introductory way (10) again is arranged, and as an 
arrow head shows to drawing 1 , circulation of the refrigerant liquid within an EGR gas cooling system 
is enabled. This refrigerant cooling section (12) is good also as an air-cooling method which used the 
radiator, and good also as a water-cooled method with refrigerant liquid, such as cooling water. 
[0030] 

Moreover, a circulating pump (14) and a closing motion valve (15) are arranged on the introductory way 
(10) of said refrigerant liquid, and it is considering as the control section (16) which controls the change 
in the amount of supply of the refrigerant liquid to the heat exchange section (5) from the refrigerant 
cooling section (12), and a halt of supply. This circulating pump (14) and actuation of the control section 

(16) which consists of a closing motion valve (15) It is supposed that it is controllable at ECU 
(Electronic Control Unit) (17) for controlling an internal combustion engine. This ECU (17) The heat 
exhanger tube temperature sensor for measuring the internal-surface temperature of the heat exhanger 
tube (1) arranged in equipment (18), Based on the measurement temperature from the EGR gas 
temperature sensor (20) which measures the outlet temperature of EGR gas, and the refrigerant 
temperature sensor (21) for measuring the outlet temperature of refrigerant liquid, a control section (16) 
is accessed and the amount of supply of the refrigerant liquid to the heat exchange section (5) is 
adjusted. 

[0031] 

Moreover, the expansion tank (22) of refrigerant liquid may be formed, and as a dotted line shows to 
drawing.! , while becoming absorbable with an expansion tank (22) and attaining smooth circulation of 
the refrigerant liquid in the enclosure of an EGR gas cooler in the expansion and contraction of 
refrigerant liquid which are produced by the temperature change of refrigerant liquid, the pressure in 
equipment can be kept constant in a derivation way (1 1). Moreover, an expansion tank (22) can also be 
made into the makeup tank at the time of adjusting the flow rate of refrigerant liquid by the control 
section (16). When superfluous elevated-temperature-ization of the heat exchange section (5) is 
produced or the amount of EGR gas increases, by supplying refrigerant liquid from an expansion tank 
(22), the circulating load of the refrigerant liquid in the heat exchange section (5) can increase, the heat 
exchange effectiveness in the heat exchange section (5) can improve, and superfluous elevated- 
temperature-ization at the time of heat exchange can be prevented. On the contrary, by collecting 
refrigerant liquid to an expansion tank (22), and reducing the amount of supply of the refrigerant liquid 
to the heat exchange section (5), heat exchange effectiveness can be lowered in the case of low- 
temperature-izing of the heat exchange section (5), or reduction of the amount of EGR gas, and the 
bottom of the low temperature in the heat exchange section (5) can be prevented at it. 
[0032] 

If the EGR gas first elevated-temperature-ized in the bore (3) through input (6) from the ** manifold 
side is introduced in order to perform heat exchange with the EGR gas cooling system like ****, this 
EGR gas will flow in the heat exhanger tube (1) arranged in a bore (3). [ two or more ] In the heat 
exchange section (5) arranged to the exterior of this heat exhanger tube (1), since refrigerant liquid 
moves in a zigzag direction and it has flowed along with the peripheral face of a heat exhanger tube (1) 
beforehand, heat exchange is performed by EGR gas and refrigerant liquid through inside-and-outside 
both the front faces of a heat exhanger tube (1). 
[0033] 

In the above-mentioned heat exchange, for the preventive measures of removal of the soot adhering to 
the internal surface of the circulation way (2) of a heat exhanger tube (1), and soot adhesion, in ECU 

(17) If the fall of the internal -surface temperature of a heat exhanger tube (i) is sensed with a heat 
exhanger tube temperature sensor (1 8) or the fall of the outlet temperature of EGR gas or the outlet 
temperature of refrigerant liquid is sensed with an EGR gas temperature sensor (20) and a refrigerant 
temperature sensor (21) By controlling a control section (16), extracting a circulating pump (14), 
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decreasing a flow rate or performing a halt of a circulating pump (14) and the closedown of a closing 
motion valve (15), ECU (17) decreases the amount of supply of the refrigerant liquid to the heat 
exchange section (5), or suspends supply. 
[0034] 

By this actuation, since the heat exchange effectiveness in the heat exchange section (5) falls, while it is 
the heat of EGR gas and the internal-surface temperature of the circulation way (2) of a heat exhanger 
tube (1) rises, the temperature of the whole heat exchange section (5) also rises, and by ECU (17), each 
temperature change in the heat exchange section (5) can always be supervised by said each temperature 
sensor (18), (20), and (21). And if the internal-surface temperature of a circulation way (2) reaches an 
elevated temperature 150 degrees C or more, while the antisticking effectiveness of the soot to an 
internal surface will increase, condensation of the steam in EGR gas, unburnt glow gas, sulfuric-acid 
water, a hydrocarbon, etc. does not arise, but prevention becomes possible good about deposition of the 
soot to the internal surface of a circulation way (2). 
[0035] 

Furthermore, the soot which exfoliated easily from the internal surface of a circulation way (2) 
according to the flow force of EGR gas, blew away since this **** was dried by high temperature even 
when **** which became wet with the temperature fall of a heat exhanger tube (1) etc. on the 
circulation way (2) had already accumulated, and it changed to dry **** also with the low bulk density 
of a particle and a small tack, became possible, and was ground small is discharged from an exhaust port 
(7) in EGR gas. Moreover, even if such soot that got dry small is sent to an inlet-manifold side, it does 
not affect an internal combustion engine. Moreover, since high-boiling point refrigerant liquid of 150 
degrees C or more of boiling points is used, refrigerant liquid does not boil by elevated-temperature- 
ization of a heat exhanger tube (1), and breakage and degradation of the components of the heat 
exchange section (5) can be prevented. 
[0036] 

Moreover, since ECU (17) is always supervising the temperature of the heat exchange section (5), when 
the heat exchange section (5) elevated-temperature-izes by said each temperature sensor (18), (20), and 
(21) more than the purpose Since access a control section (16), and increase the flow rate of a circulating 
pump (14), or ECU (17) opens a closing motion valve (15) wide, increases the amount of supply of the 
refrigerant liquid to the heat exchange section (5) and promotes heat exchange, prevention of 
superfluous elevated-temperature-izing of the heat exchange section (5) is attained. 
[0037] 

Since elevated-temperature-ization of the internal surface of a circulation way (2) is performing the 
adhesion preventive measures of the soot to a heat exhanger tube (1), and removal of soot like ****, the 
thermal conductivity of a heat exhanger tube (1) cannot be reduced, heat exchange can always be 
efficiently performed in the heat exchange section (5), and the functionality as an EGR gas cooling 
system can be raised. 
[0038] 

Moreover, elevated-temperature-ization of the circulation way (2) of the above-mentioned EGR gas may 
set up ECU (17) so that it may carry out, when low temperature-ization of a circulation way (2) has been 
sensed by each temperature sensor (18), (20), and (21), and it may set it up so that it may carry out 
periodically for every fixed time amount. Moreover, since antisticking and the removal effectiveness of 
soot are fully acquired, a short time can also be carried out without suspending an engine during transit, 
and such elevated-temperature-ization may be setup so that it may carry out, of course at the time of an 
engine shutdown. 
[0039] 

[Effect of the Invention] 

This invention, without boiling refrigerant liquid, since it constitutes like **** Internal -surface 
temperature of the circulation way of EGR gas, such as a heat exhanger tube and a heat transfer plate, is 
elevated-temperature-ized. while preventing deposition of soot on a circulation way good, the bulk 
density of a particle changes the soot already deposited on the internal surface of a circulation way to 
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low dry soot also with small adhesiveness - making - the exfoliation from an internal surface - and it 
can blow, ****** can be promoted and soot can be easily removed from a circulation way. 
Consequendy, it becomes possible by making the thermally conductive fall of a circulation way with 
soot into the minimum to perform efficiendy heat exchange of the EGR gas which circulates the inside 
of a circulation way, and the refrigerant liquid which circulates the periphery of a circulation way. 
Moreover, by adjusting the amount of supply of the refrigerant liquid to the heat exchange section by the 
control section, the bottom of too much low temperature of the heat exchange section and elevated- 
temperature-ization can be prevented, the endurance of a product can be raised, the cooling function 
which was excellent in EGR gas can be maintained, and the commodity value of a product can be raised. 

[Brief Description of the Drawings] 

[Drawing 1] The conceptual diagram of the KURUDO EGR system of the 1st example of this invention. 

[Description of Notations] 

2 Circulation Way 

3 Bore 

5 Heat Exchange Section 

6 Input 

7 Exhaust Port 

10 Introductory Way 

1 1 Derivation Way 

14 Circulating Pump 

1 5 Closing Motion Valve 

16 Control Section 
22 Expansion Tank 



[Translation done.] 
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